First principles FLMTO-GGA electronic structure calculations of the new medium-T C superconductor (MTSC) M gB 2 and related diborides indicate that superconductivity in these compounds is related to the the existence of p x,y -band holes at the Γ point. Based on these calculations, we explain the absence of medium-T C superconductivity for BeB 2 , AlB 2 ScB 2 and Y B 2 . The simulation of a number of M gB 2 -based ternary systems using a supercell approach demonstrates that (i) the electron doping of M gB 2 (i.e., M gB 2−y X y with X = Be, C, N, O) and the creation of isoelectronic defects in the boron sublattice (nonstoichiometric M gB y<2 ) are not favorable for superconductivity, and (ii) a possible way of searching for similar MTSC should be via hole doping of M gB 2 (i.e., M g 1−x M x B 2 with M = Be, Ca, Li, N a, Cu, Zn) or CaB 2 or via creating layered superstructures of the M gB 2 /CaB 2 type. A recent report of superconductivity in Cu doped M gB 2 supports this view.
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The discovery of superconductivity in magnesium diboride (MgB 2 ) 1 has attracted a great deal of interest in this system. The transition temperature for MgB 2 (T C ≈ 39 K) exceeds by almost two times the record values of T C for conventional B1-and A15-type intermetallic superconductors (SC) 2 . As distinct from the high-temperature SC, MgB 2 has an exclusively simple composition and crystal structure 3 .
The It is worth noting that among boron-containing phases MgB 2 is not a unique superconductor. A systematic search for superconductivity in a wide range of d-metal borides (and other metal-like compounds of a transition metals (TM) with light non-metals (carbides and nitrides 4 )) has been carried out earlier 5, 6 . For instance, it was shown that the superconducting transition temperature for TM diborides (MB 2 , M = T i, Zr, Hf, V, T a, Cr, Mo) is below ∼ 0.4 K. Only NbB 2 was found to be a superconductor with a T C of about 0.6 K.
A large class of superconducting (with T C of several K) ternary (LnRuB 2 versus CaB 2 and BeB 2 , which are isoelectronic and isostructural. The basic changes will be due to structural factors (changes in lattice parameter, a, and interatomic distance, c/a). In addition, using the supercell approach, we have carried out a theoretical search for possible superconductors among some MgB 2 -based ternary systems. For this purpose, we modelled the effect produced on the band structure of MgB 2 by (1) boron sublattice doping (with Be, C, N, O impurities), (2) magnesium sublattice doping (with Be, Ca, Li, Na, Cu, Zn impurities), and (3) the presence of lattice vacancies in Mg-and B-sublattices.
The above diborides have a hexagonal crystal structure (AlB 2 -type, space group also shows the largest contribution to the cohesion energy (Ecoh) from B − B interactions (B − B (68%), B − Mg (23%) and Mg − Mg (9%)). In view of these results (see also [12] [13] [14] [15] ), let us discuss the possibility of superconducting properties in related diborides.
MgB 2 versus CaB 2 . The electronic bands of these isoelectronic (electronic concentration per atom, n e = 2.67) and isostructural compounds turned out to be similar on the whole, see Fig. 1 . The differences are due to the increased lattice parameter, a, and interlayer (M − B) distances determined by M ionic radii (r c = 0.74(Mg) and 1.04Å (Ca)). The main change is a downward shift of the p z -bands as compared to p x,y -bands, so that the crossing point is located at E F (Fig. 1) and N(E F ) increases to the highest value of any material given in Table 1 . This may well indicate that a possibly higher T c may be obtained if CaB 2
were stabilized. To this end, we also studied the lattice stability of the hypothetical CaB 2
by calculating the formation energy as a difference in the total energy with reference to the constituent elements in their stable modifications, viz. hcp calcium and rhombohedral boron (α − B 12 ). It was found that the formation energy has a small, but negative value (E f orm = −0.12 eV/f.u.), which may be indicative of the possibility of real synthesis of temperatures, enthalpies of formation). We found that the evolution of their band structures (Fig. 2) , this model determines the following effects: hole doping should lead to partial "depopulation" of bonding bands, a shift of E F deep into the VB, and an increase in N(E F ). A reverse effect, namely a Fermi level shift to the region of the DOS minimum (pseudogap between bonding and antibonding states), can be expected for electron doping.
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The role of isoelectronic dopants remains unclear within this model. One can only suppose that in this case the main effects will be associated with lattice deformations, i.e., with the changes in a and c/a. By contrast, our FLMTO calculations for hypothetical ternary and nonstoichiometric borides demonstrate a more complicated picture (see Figs. 2 and 4 and Table 1 ) and lead us to the following conclusions:
Boron sublattice doping. As n e decreases (MgB 2 → MgB 1.75 ), E F is shifted to higher binding energies, but the value of N(E F ) becomes smaller due to a partial breakdown of B − B bonds in the graphite-like B layers and changes in the energy band dispersion near E F . For substitutions in the Mg sublattice will be energetically more preferable.
Magnesium sublattice doping.
As n e decreases in the series MgB 2 → Mg 0.75 Li(Na) 0.25 B 2 → Mg 0.75 B 2 , Mg 0.5 Li(Na) 0.5 B 2 , E F shifts to higher binding energies, but no increase in N(E F ) is observed − as predicted within the RBM, see Table 1 . Thus, we found that for Li and Na substitution, N(E F ) is almost independent of the hole dopant concentration. This fact is in agreement with the results of An and Pickett 15 . The dependence of the energy of σ(2p x,y )-bands (forming cylinders along Γ − A) at Γ relative to E F (E σ (Γ − E F )) is shown in Fig. 4 . This dependence for both the hole and electron doping of Fig. 4 .
Very interestingly, in a recent experiment 26 T C was found to be increased up to 49 K with nominal 20 % Cu doping of MgB 2 . In our calculation, we found that 25 % Cu substitution for Mg leads to an increase of N(E F ) (c.f., Table 1 ) and here the top of p x,y -bands at Γ has the same location as for other doped systems with the same hole concentration (c.f., Fig.   4 ). This adds strong support to the validity of the systemetic results presented here.
We believe that further searches of new MTSC should be made via hole doping of MgB 2 (or BeB 2 , CaB 2 ) or creating layer superstructures of the MgB 2 /CaB 2 type. We are continuing these investigations taking into account the crystal lattice relaxation and calculating the substitution energies for impurities in ternary systems.
We 
